Asian summer monsoon convection plays an important role in efficient vertical transport from the 9 surface to the anticyclone. In this paper we investigate the potential impact of convectively transported 10 anthropogenic nitrogen oxides (NO x ) on the distribution of ozone in the Upper Troposphere and Lower 11 Stratosphere (UTLS) from simulations with the fully-coupled aerosol chemistry climate model, 12 ECHAM5-HAMMOZ. We performed anthropogenic NO x emission sensitivity experiments over India 13 and China. In these simulations, anthropogenic NO x emissions for the period 2000-2010 have been 14 increased by 38% over India and by 73% over China in accordance with satellite observed trends over 15 India of 3.8 % per year and China of 7.3% per year. These NO x emission sensitivity simulations show 16 that strong convection over the Bay of Bengal and the Southern slopes of the Himalayas transports 17 Indian emissions into the UTLS. Convective transport from the South China Sea injects Chinese 18 emissions into the lower stratosphere. Indian and Chinese emissions are partially transported over the 19 Arabian Sea and west Asia by the tropical easterly jet. Enhanced NO x emissions over India and China 20 increase the ozone radiative forcing over India by 0.112 W/m 2 and 0.121 W/m 2 respectively. These 21 elevated emissions produces significant warming over the Tibetan Plateau and increase precipitation 22 over India due to a strengthening of the monsoon Hadley circulation. 23
Introduction 31
Rapid economic development and urbanization in Asia has resulted in an unprecedented growth 32 in anthropogenic emissions like nitrogen oxides (NO x ), carbon monoxide (CO), carbon dioxide (CO 2 ), 33 methane (CH 4 ,), etc. Many of these species have implications on tropospheric ozone ( Gu et al., 2014) . Recent studies show that tropospheric ozone production 37 over Asia is controlled by the abundance of NO x and VOCs and the ratios of these species (Sillman, 38 1995 , Lei et al., 2004 , Zhang et al., 2004 and Tie et al., 2007 . These studies reveal that in Asia, 39 particularly India and China are NO x limited regions, i.e., controlling NOx in these regions would Ozone in the troposphere absorbs relatively little UV radiation but it has a huge climatic impact 52 (Lacis et al., 1990) . The estimated global average radiative forcing increasing tropospheric ozone since 53 pre-industrial times is estimated to be +0.35 ± 0.15 Wm −2 (IPCC, Ramaswamy et al., 2001) . Previous 54 studies revealed that ozone perturbations exert a large influence on temperature near the surface and 55 tropopause (e.g., Thuburn and Craig, 2002; Foster and Shine 1997) . Thus the tropospheric ozone 56 distribution and its variability at different altitudes influence the thermal structure of the atmosphere. 57
Climate change due to ozone variations is highest near the tropopause because the greenhouse 58 efficiency per molecule is highest there (Lacis et al, 1990; Forster and Shine, 1997; Riese et al., 2012) . 59
A study based on ACCMIP models reports that NO X and CH 4 are the greatest contributors in 60 determining ozone radiative forcing (Stevenson et al., 2013) . that at the altitudes below 300 hPa there is ozone production and loss varying in between -60% to 210 +60%. In the upper troposphere (300-150hPa), the estimated amount of net ozone production in Ind38 211 and Ind73 simulation is ~5-10% and that from Chin73 simulation is ~10-30%. Comparison of figures 2 212 and 3 show that ozone production by NO x photolysis occur in the regions where there is a transport of 213 NO x . In Ind73 simulation there is no change in ozone production near the tropopause as the NO x 214 emissions do not reach up to these altitudes (Figures 2(b) and 2(e)). In the Ind73 simulation there is 215 significant increase in net ozone production (~40-90% between 1000-500 hPa) over the Indo Gangetic 216 into the tropical pipe. Ozone and NO x transported across the tropopause will enhance their amount in 230 the surf mixing zone above the tropopause (Vogel et al., 2015) . In the lower stratosphere there will be 231 ozone production by photolysis from transported NO x . 232
Doubling of NO x emissions over India (Ind73) results in a descending branch of circulation 233 over central India (Figures 4(b) and 4(e)). This subsidence suppressed the vertical transport of ozone 234 across the tropopause. It is also evident in NO x distribution (Figures 2(b) and 2(e)). As discussed 235 earlier, this subsidence may be related to temperature changes due to ozone radiative forcing and 236 heating rates as there is significant increase in ozone production over the Indo Gangetic plain (1000 -237 500 hPa) (discussed in section 4). 238 239
Ozone distribution in the anticyclone 240
We estimate changes in NO x and ozone in the monsoon anticyclone from Ind38, Ind73 and 241
Chin73 simulations with respect to the CTRL simulation. The distribution of these species is shown at 242 110 hPa as representative for the anticyclone. (Figure 5(a) ) than that in the Ind73 simulation ( Figure 5(b) ). This is mainly due to descending 248 motion over the central India, as seen in the previous sections. However, the Chin73 simulation shows 249 higher values of increasing NO x (>18%) in the monsoon anticyclone ( Figure 5(c) ). In the anticyclone, 250 the increase in ozone mixing ratios in Ind38 simulation is 1-3%, Ind73 is 1-5% and Chin73 is 1-8%. 
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